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(54) OPTIMIZATION METHOD AND SYSTEM ON BASIS OF NETWORK STATUS OF PUSH

TERMINAL AND PUSH TERMINAL

(67)  The presentdisclosure describes a network sta-
tus of stream push terminal-based optimization method,
a system, and a stream push terminal thereof. The meth-
od includes the following steps: determining, by the
stream push terminal, time for transmission of current
data based on a present real-time upstream bandwidth;
evaluating, by the stream push terminal, whether the time

for transmission of the current data exceeds a predefined

value; and if the time for transmission of the current data
exceeds the predefined value, employing a frame drop-
ping approach to reduce an amount of uploading data.
The present disclosure allows real-time inspection of the
network status in the stream push terminal, real-time
monitoring of the variations of the upstream bandwidth,
control of production from the source, reduction of pro-
duction volume, and reduction of the amount of uploading
data. This allows clients to smoothly push streams under
the situation that the upstream bandwidth of the stream
push terminal is not optimal, which greatly improves the
viewing experience of users. When the bandwidth is de-
tected to gradually get better, frame dropping is stopped,
so that the quality of the pushed streams in the stream
push terminal is ensured.
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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to the
field of network technology and, more particularly, relates
to a network status of stream push terminal-based opti-
mization method, a system, and a stream push terminal
thereof.

BACKGROUND

[0002] In recent years, with the rapid development of
Internet technology, various streaming media applica-
tions have gradually entered the daily life of the majority
of Internet users. Many live streaming-like real-time busi-
nesses have attracted a large number of users because
of their original and innovative content. Therefore, how
to optimize audio and video delay and improve user ex-
perience has become the development direction of audio
and video live streaming services.

[0003] At present, with the development of the coun-
try’s bandwidth acceleration and the rapid development
of mobile communication technologies, people are no
longer subject to geographical constraints. They can ac-
cess texts, pictures, and videos through the Internet an-
ytime and anywhere, which greatly enriches people’s life
in spare time. With the popularization of smartphones
and the rapid development of mobile bandwidth, pushing
streams using mobile phones has become an important
method for video streaming, and more and more people
have begun to use mobile phones to broadcast live vid-
€os.

[0004] However, existing mobile networks have the
disadvantages of instability, variability, and being easily
affected by the environments and locations, resulting in
instability of stream push on the mobile terminals. In ad-
dition, the uploading bandwidth on the mobile stream
push terminals is uncontrollable and thus is easily affect-
ed by objective factors. In the event of bandwidth fluctu-
ations, the viewing terminal is prone to lagging, blurred
screen, and increased delay, etc., which will affect the
smoothness in watching videos and thus influence the
customer experience

BRIEF SUMMARY OF THE DISCLOSURE

[0005] To solve the problems in the existing technolo-
gy, embodiments of the present disclosure provide a net-
work status of stream push terminal-based optimization
method, a system, and a stream push terminal thereof.
The technical solutions are as follows:

[0006] In one aspect, a network status of stream push
terminal-based optimization method includes the follow-
ing steps:

determining, by the stream push terminal, time for
transmission of current data based on a present real-
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time upstream bandwidth;

evaluating, by the stream push terminal, whether the
time for transmission of the current data exceeds a
predefined value; and

if the time for transmission of the current data ex-
ceeds the predefined value, employing a frame drop-
ping approach to reduce an amount of uploading da-
ta.

[0007] Further, the step of determining, by the stream
push terminal, the time for transmission of the current
data based on the present real-time upstream bandwidth
specifically includes:

collecting, by the stream push terminal, audio data
and/or video data;

audio-encoding and/or video-encoding, by the
stream push terminal, the collected audio data
and/or video data, respectively;

encapsulating, by the stream push terminal, the en-
coded audio data and/or the encoded video data into
streaming media format data;

placing, by the stream push terminal, the encapsu-
lated streaming mediaformat data into a to-be-trans-
mitted queue;

retrieving, by the stream push terminal, the stream-
ing media format data from the to-be-transmitted
queue, and transmitting, by the stream push termi-
nal, the streaming media format data to a relay ter-
minal;

calculating, by the stream push terminal, the present
real-time upstream bandwidth by determining inreal-
time an amount of streaming media format data
transmitted in a unit of time; and

determining, by the stream push terminal, the time
for transmission of the current data based on the
present real-time upstream bandwidth.

[0008]
step:
if the time for transmission of the current data does not
exceed the predefined value, continuing transmitting, by
the stream push terminal, remaining streaming media
format data sequentially from the to-be-transmitted
queue.

[0009] In another aspect, a network status of stream
push terminal-based optimization system includes a
stream push terminal, a viewing terminal, and a relay
terminal, and the stream push terminal pushes collected
streaming media format data through the relay terminal
to the viewing terminal for viewing, where the stream
push terminal specifically includes:

Further, the method also includes the following

a determination module that is configured to deter-
mine time for transmission of current data based on
a present real-time upstream bandwidth;

an evaluation module that is configured to evaluate
whether the time for transmission of the current data
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exceeds a predefined value; and

aframe dropping module thatis configured to employ
a frame dropping approach to reduce an amount of
uploading data if the time for transmission of the cur-
rent data exceeds the predefined value.

[0010]
includes:

Further, the determination module specifically

a collection submodule that is configured to collect
audio data and/or video data;

an encoding submodule that is configured to audio-
encode and/or video-encode the collected audio da-
ta and/or video data, respectively;

a streaming protocol submodule that is configured
to encapsulate the encoded audio data and/or the
encoded video data into streaming media format da-
ta; and

abandwidth inspection submodule thatis configured
to place the encapsulated streaming media format
data into a to-be-transmitted queue, retrieve the
streaming media format data from the to-be-trans-
mitted queue and transmit the streaming media for-
mat data to the relay terminal, calculate the present
real-time upstream bandwidth by determining in real-
time an amount of streaming media format data
transmitted in a unit of time, and determine the time
for transmission of the current data based on the
present real-time upstream bandwidth.

[0011] Further, the stream push terminal also specifi-
cally includes:

a transmission module that is configured to continue
transmitting remaining streaming media format data se-
quentially from the to-be-transmitted queue if the time for
transmission of the current data does not exceed the pre-
defined value.

[0012] In another aspect, a stream push terminal in-
cludes:

a determination module that is configured to deter-
mine time for transmission of current data based on
a present real-time upstream bandwidth;

an evaluation module that is configured to evaluate
whether the time for transmission of the current data
exceeds a predefined value; and

aframe dropping module thatis configured to employ
a frame dropping approach to reduce an amount of
uploading data if the time for transmission of the cur-
rent data exceeds the predefined value.

[0013]
includes:

Further, the determination module specifically

a collection submodule that is configured to collect
audio data and/or video data;

an encoding submodule that is configured to audio-
encode and/or video-encode the collected audio da-
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ta and/or video data, respectively;

a streaming protocol submodule that is configured
to encapsulate the encoded audio data and/or the
encoded video data into streaming media format da-
ta; and

abandwidth inspection submodule that is configured
to place the encapsulated streaming media format
data into a to-be-transmitted queue, retrieve the
streaming media format data from the to-be-trans-
mitted queue and transmit the streaming media for-
mat data to a relay terminal, and calculate the
present real-time upstream bandwidth by determin-
ing in real-time an amount of streaming media format
data transmitted in a unit of time.

[0014] Further, the bandwidth inspection submodule
is also configured to determine the time for transmission
of the current data based on the present real-time up-
stream bandwidth.

[0015] Further, the stream push terminal also specifi-
cally includes:

a transmission module that is configured to continue
transmitting remaining streaming media format data se-
quentially from the to-be-transmitted queue if the time for
transmission of the current data does not exceed the pre-
defined value.

[0016] The technical solutions provided by the embod-
iments of the present disclosure give rise to the following
beneficial effects: they allow real-time inspection of the
network status of the stream push terminal, real-time
monitoring of the variations of the upstream bandwidth,
control of production from the source, reduction of the
production volume, and reduction of the amount of up-
loading data. This allows clients to smoothly push
streams under the situation that the upstream bandwidth
of the stream push terminal is not optimal, which greatly
improves the viewing experience of users. When the
bandwidth is detected to gradually get better, frame drop-
ping is stopped, so that the quality of the pushed streams
in the stream push terminal is ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] To make the technical solutions in the embod-
iments of the present disclosure clearer, a brief introduc-
tion of the accompanying drawings consistent with de-
scriptions of the embodiments will be provided hereinaf-
ter. It is to be understood that the following described
drawings are merely some embodiments of the present
disclosure. Based on the accompanying drawings and
without creative efforts, persons of ordinary skill in the
art may derive other drawings.

FIG. 1 is a flowchart of a network status of stream
push terminal-based optimization method according
to one embodiment of the present disclosure;

FIG. 2 is a flowchart of detailed sub-steps of Step
S1 shown FIG. 1 according to one embodiment of
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the present disclosure;

FIG. 3is aschematic diagram of an internal structure
of a network status of stream push terminal-based
optimization system 10 according to one embodi-
ment of the present disclosure; and

FIG. 4 is a schematic diagram of an internal structure
of a determination module 111 of a stream push ter-
minal 11 shown in FIG. 3 according to one embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0018] Tomakethe objectives, technical solutions, and
advantages of the present disclosure clearer, specific
embodiments of the present disclosure will be made in
detail with reference to the accompanying drawings. It
should be understood that the specific embodiments de-
scribed herein are merely used to explain the present
disclosure and shall not be construed as limiting the
present disclosure.

[0019] A network status of stream push terminal-based
optimization method consistent with the present disclo-
sure will be described in detail hereinafter.

[0020] Referring to FIG. 1, a flowchart of a network
status of stream push terminal-based optimization meth-
od according to one embodiment of the present disclo-
sure is provided.

[0021] In one embodiment, the network status of
stream push terminal-based optimization method is ap-
plied to a network status of stream push terminal-based
optimization system, where the network status of stream
push terminal-based optimization system includes a
stream push terminal, a viewing terminal, and a relay
terminal. The stream push terminal pushes the collected
streaming media format data, through the relay terminal,
to the viewing terminal for viewing. The stream push ter-
minal refers to a terminal device of a user, such as a
mobile phone, a tablet, or a personal digital assistant,
etc. The relay terminal may include various transit devic-
es in the network, such as routers and servers, and may
specifically be a CDN (content delivery network) stream-
ing media cluster. The viewing terminal may include var-
ious receiving and display terminals for streaming media
data, such as mobile display terminals (e.g., a mobile
phone, a tablet, etc.) and non-mobile display terminals
(e.g., a desktop computer, etc.). The stream push termi-
nal includes at least a voice collection device (e.g., a
microphone, etc.) and a video capture device (e.g., a
camera, etc.), through which the streaming media format
data is collected. The collected streaming media format
data is pushed, through forwarding by the relay terminal,
to the viewing terminal for viewing.

[0022] The method of the present disclosure mainly
optimizes the stream push terminal, that is, optimize from
the source. The function of the stream push terminal may
be divided into three processes: collection, encoding, and
transmission, each of which affects each other. The col-
lection comes first, the coding later, and then the trans-
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mission. This is a production and consumption proce-
dure. From the transmission process, the present disclo-
sure determines whether the previous processes have
dropped frames based on the situation of eventual con-
sumption, and controls the production based on the even-
tual situation, that is, to control the collection frequency
directly from the collection process.

[0023] At Step S 1, the stream push terminal deter-
mines the time for transmission of the current data based
on the present real-time upstream bandwidth.

[0024] Inone embodiment, the Step S1 of determining,
by the stream push terminal, the time for transmission of
the current data based on the present real-time upstream
bandwidth specifically includes seven sub-steps S11-
S17, as shown in FIG. 2.

[0025] Referringto FIG. 2, a flowchart of detailed sub-
steps of Step S1 shown in FIG. 1 according to one em-
bodiment of the present disclosure is illustrated.

[0026] At Step S11, the stream push terminal collects
audio data and/or video data.

[0027] In one embodiment, the stream push terminal
collects voice data, such as pulse code modulation
(PCM) format voice data, through its voice collection de-
vice (e.g., a microphone, etc.). At the same time, the
stream push terminal collects video data in a format like
YUV or voice data in a format like PCM in a callback
manner through its video capture device (e.g., a camera,
etc.) or an interface of the system.

[0028] Inone embodiment, specific collection process
may be, for example, as follows:

(1) For video: collect video data through its video
capture device (e.g., camera, etc.), and set up the
frame rate, the width and height, etc. For examples,
the frame rate is 25 frames/sec, the height and
weightare 720*1080, and the system callbacks YUV
data every 1000 ms/25 = 40 ms.

(2) For audio: collect voice data through its voice
collection device (e.g., a microphone, etc.), and set
up the sampling rate, the number of channels, the
number of bits, etc. For example, the sampling rate
is 44,100, the number of channels is 2, and the
number of bits is 16. That is, 44,100 samples are
collected per second, and each sample has 2 chan-
nels, each with 16 bits.

[0029] At Step S12, the collected audio data and/or
video data are respectively audio-encoded and/or video-
encoded. For example, the YUV and PCM data are re-
spectively encoded into H.264 and AAC data using en-
coding tools such as FFMPEG, X264, FAAC, and hard-
coding.

[0030] In one embodiment, an H.264 video encoding
method is used to encode the collected video data into
H.264 format video data, and an advanced audio coding
(AAC) method is used to encode the collected audio data
into AAC format audio data.

[0031] In one embodiment, specific encoding process
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may be, for example, as follows:

(1) Video encoding: initialize video encoding param-
eters, including the width and height, the frame rate,
the bit rate, and the bit rate mode, etc., call the en-
coding interface of an encoder, encode the YUV data
called back by the system into H.264 data, and en-
capsulate the H.264 data into streaming media for-
mat through a streaming protocol submodule. For
example, the width and height are 7201080, the
frame rate is 25, the code rate is 1 Mbps, etc., and
the YUV datais encoded into H.264 data using X264,
FFMPEG, or hardcoding.

(2) Audio coding: initialize audio encoding parame-
ters, including the sampling rate, the number of chan-
nels, and the number of bits, etc., and encode the
PCM data called back by the system into AAC data
through the encoding interface of an AAC encoder.
For example, the sampling rate is 44,100, the
number of channels is 2, the number of bits is 16,
and the PCM data is encoded into AAC data using
encoders such as FAAC and hardcoding.

(3) Sequentially place the audio/video data into the
streaming protocol submodule based on the se-
quence of collection, and convert the audio/video da-
ta into streaming media format data.

[0032] At Step S13, the encoded audio data and/or the
encoded video data are encapsulated into streaming me-
dia format data. Based on different streaming protocols,
such as the RTMP (real-time messaging protocol)
streaming protocol, the H.264 and AAC data are encoded
into data conforming to the RTMP protocol.

[0033] In one embodiment, the RTMP protocol is em-
ployed to encapsulate the encoded audio data and/or the
encoded video data into RTMP format streaming media
data.

[0034] In one embodiment, specific encapsulation
process may be, for example, as follows:

(1) Establish a connection with a server using the
RTMP protocol, and acquire an address for broad-
casting streams.

(2) Retrieve the H.264 data, the AAC data, etc. that
are generated by the encoders, generate a se-
quence based on the time of collection by the en-
coders, and based on the time in the sequence, en-
capsulate the H.264 data, the AAC data, etc., re-
spectively, according to the RTMP protocol.

(3) Place the encapsulated streaming media format
data into a to-be-transmitted queue. When placing
the encapsulated streaming media format data into
the queue, the encoding information, such as the
width and height of the video, the bit rate, the frame
rate, the audio sampling rate, and the number of
channels, is placed into the queue as well. The data
placed into the queue may wait for data transmission
by the transmission module.
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[0035] AtStep S14,the encapsulated streaming media
format data is placed into the to-be-transmitted queue.
[0036] In one embodiment, a temporary storage area
is assigned in the memory of the stream push terminal
for temporarily storing the streaming media data. The
streaming media data encapsulated according to the
RTMP protocol is placed into the to-be-transmitted
queue, and the to-be-transmitted queue is stored in the
temporary storage area of the memory.

[0037] At Step S15, the streaming media format data
is retrieved from the to-be-transmitted queue andis trans-
mitted to the relay terminal.

[0038] At Step S16, the present real-time upstream
bandwidth is calculated by determining in real-time an
amount of streaming media format data transmitted in a
unit of time.

[0039] In one embodiment, specific calculation proc-
ess may be, for example, as follows:

(1) After retrieving the data from the queue, transmit
aframe andrecord the time used for the transmission
and the size of the transmitted data.

(2) Because adelay is determined based on the real-
time transmission rate and the buffered data in the
to-be-transmitted queue, configuring a unit of time
for counting/calculation becomes necessary, which
is called the unit of time. Based on the configured
unit of time, determine the total data transmitted in
a currently configured unit of time, and the total data/
the total duration = the transmitting rate.

(3) Calculate the amount of buffered remaining data
in the to-be-transmitted queue, and determine the
time for transmission of the current to-be-transmitted
streaming media data based on the calculated up-
stream bandwidth and the data amount of the buff-
ered remaining streaming media data in the to-be-
transmitted queue.

[0040] Inone embodiment, the unit of time can be flex-
ibly configured based on the requirements. For example,
the unit of time is 1 s. Partial data may be retrieved from
the streaming media data in the to-be-transmitted queue
and be placed into the transmission module for transmis-
sion, and the amount of the part of the streaming media
data that is transmitted in a unit of time may be deter-
mined in real-time. For example, 8 MB of streaming me-
dia data is transmitted within a unit of time of 1 s, and the
calculated transmission rate for upstreaming data is 8
Mbps, then the present upstream bandwidth is 1 M.
[0041] At Step S17, the time for transmission of the
current data is determined based on the present real-
time upstream bandwidth.

[0042] In one embodiment, after partial data has been
transmitted to determine the upstream bandwidth, the
amount of buffered remaining data in the to-be-transmit-
ted queue is calculated. Based on the calculated up-
stream bandwidth and the data amount of the buffered
remaining streaming media data in the to-be-transmitted
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queue, the time for transmission of the current to-be-
transmitted streaming media data is then calculated. For
example, the unitof time is 1 s, the streaming media data
in the to-be-transmitted queue has a total size of 12 MB,
and the transmission rate of the upstreaming data calcu-
lated from the previously retrieved part of the data (e.g.,
8 MB) in a unit of time is 8 Mbps, that is, the upstream
bandwidth is 1 M. Then, the calculated amount of the
remaining streaming media data is 4 MB. Therefore,
based on the present real-time upstream bandwidth and
the amount of the remaining streaming media data, the
calculated time for transmission of the current to-be-
transmitted streaming media data is 500 ms.

[0043] That s, itis predicted to take 500 ms to finish
transmission of the remaining streaming media data.
[0044] Referring backto FIG. 1, at Step S2, the stream
push terminal evaluates whether the time for transmis-
sion of the current data exceeds a predefined value.
[0045] In one embodiment, the predefined value can
be flexibly defined based on the requirements. For ex-
ample, the predefined value is 400 ms.

[0046] If the time for transmission of the current data
exceeds the predefined value, then the frame dropping
approach is employed to reduce the amount of uploading
data at Step S3.

[0047] In one embodiment, specific frame dropping
process may be, for example, as follows:

(1) Based on the total amount of data currently buff-
ered and the current real-time transmission rate, cal-
culate: the total amount of data/the real-time trans-
mission rate = the time for transmission. The prede-
fined time for transmission is denoted as T1, and the
present time for transmission is denoted as Tn.

(2) When encoding, initialize a frame rate ofk, pre-
define a frame dropping lower limit of k1, and upper
limit of k2 as current predefined frame rates, and
denote the current actual frame rate as kn. Initialize
kn =k, and the range for the current frame rate lies
between k1 and k2, that is, k1 < kn < k2. In general,
by default, k2 = k. That is, the upper limit of k2 is
initialized. The new frame rate is kn = kn/(Tn/T1),
and this frame rate changes in real time.

(3) If the time for transmission of the current data
exceeds the predefined value, that is, Tn > T1, the
frame dropping approach is employed to reduce the
amount of uploading data. Specific frame dropping
process includes: if kn > k2, then kn = k2; and if kn
< k1, then kn = k1.

(4) If the time for transmission of the current data
does not exceed the predefined value, that is, Tn <
T1, then gradually increase the frame rate until it
recovers to the current maximum frame rate. The
formula for the increasing process is: new kn =
kn/(Tn/T1).

[0048] In one embodiment, for example, the initialized
frame rate is set as 25, the upper limitis 25, and the lower
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limitis 10. Assume that the calculated time for transmis-
sion of the current data is 500 ms as stated in the above
example. Since 500 ms is greater than the predefined
value of 400 ms, if all data is uploaded, the influence of
the bandwidth may lead to a poor viewing experience
such as lagging, blurred screen, or increased delay, etc.
in the pushed live streams received in the viewing termi-
nal. Therefore, in order to improve the viewing experi-
ence, the frame dropping module is activated, and the
new frame rate is kn = kn/(Tn/T1). Based on the formula,
the new kn = 25/(500/400). That is, kn = 20 frames/sec,
or 20 frames are generated per second. The amount of
uploading data may be reduced by employing the frame
dropping approach until the time for transmission of the
amount of the buffered remaining data is less than the
predefined value of 400 ms. If the time for transmission
of the current data is calculated as 300 ms in the above
example, the current frame rate is 20, and the new frame
rate is kn = kn/(Tn/T1), based on the formula, the new
kn =20/(300/400). That is, kn = 26 frames/sec. Because
kn > the upper limit k2, kn = k2 = 25 frames/sec.

[0049] If the time for transmission of the current data
does not exceed the predefined value, and the frame rate
reaches the upper limit, continues transmitting remaining
streaming media format data sequentially from the to-be-
transmitted queue at Step S4.

[0050] Inone embodiment, specific transmission proc-
ess may be, for example, as follows:

(1) The RTMP protocol-based inter-connection with
the server has already been set up using the RTMP
streaming protocol. To-be-transmitted streaming
media format data is circularly retrieved from the to-
be-transmitted queue and is transmitted to the
streaming media data.

(2) The server receives the streaming media format
data from the clientterminal, and distributes itto each
client terminal.

[0051] In one embodiment, if the calculated time for
transmission of the current data is 150 ms, which is less
than the predefined value of 400 ms, it means that the
current upstream bandwidth is sufficient. In order to en-
sure the quality of the pushed streams at the stream push
terminal, frame dropping is stopped, and the frame rate
is increased. Further, sequential transmission of the re-
maining streaming media format data from the to-be-
transmitted queue continues, to ensure the smoothness
of the stream push service and improve the viewing ex-
perience in the viewing terminal.

[0052] The TCP protocol-based network status of
stream push terminal-based optimization method provid-
ed by the present disclosure allows real-time inspection
of the network status of the stream push terminal, real-
time monitoring of the variations of the upstream band-
width, control of production from the source, reduction of
production volume, and reduction of the amount of up-
loading data. This allows clients to smoothly push
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streams under the situation that the upstream bandwidth
of the stream push terminal is not optimal, which greatly
improves the viewing experience of users. When the
bandwidth is detected to gradually get better, frame drop-
ping is stopped, so that the quality of the pushed streams
in the stream push terminal is ensured.

[0053] A network status of stream push terminal-based
optimization system consistent with the present disclo-
sure will be described in detail hereinafter.

[0054] Referring to FIG. 3, a schematic diagram of an
internal structure of a TCP-based network status of
stream push terminal-based optimization system 10 ac-
cording to one embodiment of the present disclosure is
illustrated.

[0055] In one embodiment, the network status of
stream push terminal-based optimization system 10 in-
cludes a stream push terminal 11, a viewing terminal 13,
and a relay terminal 12, where the stream push terminal
11 pushes the collected streaming media format data,
through the relay terminal 12, to the viewing terminal 13
for viewing. The stream push terminal 11 refers to a ter-
minal device of a user, including a mobile phone, a tablet,
and a personal digital assistant, etc. The relay terminal
12 may include various transit devices in the network,
such as routers and servers. The viewing terminal 13
may include various receiving and display terminals for
streaming media data, such as mobile display terminals
(e.g., a mobile phone, a tablet, etc.) and non-mobile dis-
play terminals (e.g., a desktop computer, etc.). The
stream push terminal 11 includes at least a voice collec-
tion device (e.g., a microphone, etc.) and a video capture
device (e.g.,acamera, etc.), through which the streaming
media format data is collected. The collected streaming
media format data is pushed, through forwarding by the
relay terminal 12, to the viewing terminal for viewing.
Here, the relay terminal 12 may include multiple units.
The stream push terminal 11 pushes the collected
streaming media format data, through a single relay ter-
minal 12 or multiple relay terminals 12, to the viewing
terminal 13 for viewing.

[0056] The system of the presentdisclosure mainly op-
timizes the stream push terminal 11, thatis, optimize from
the source. The function of the stream push terminal 11
may be divided into three processes: collection, encod-
ing, and transmission, each of which affects each other.
The collection comes first, the coding later, and then the
transmission. This is a production and consumption pro-
cedure. Through the transmission process, the present
disclosure determines whether the previous processes
have dropped frames based on the situation of eventual
consumption, and controls the production based on the
eventual situation, that is, to control the collection fre-
quency directly from the collection process.

[0057] The stream push terminal 11 specifically in-
cludes: a determination module 111, an evaluation mod-
ule 112, a frame dropping module 113, and a transmis-
sion module 114.

[0058] The determination module 111 is configured to
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determine the time for transmission of the current data
based on the present real-time upstream bandwidth.
[0059] Here,the determination module 111 specifically
includes: a collection submodule 1111, an encoding sub-
module 1112, astreaming protocol submodule 1113, and
a bandwidth inspection submodule 1114, as shown in
FIG. 4.

[0060] Referring to FIG. 4, a schematic diagram of an
internal structure of a determination module 111 of a
stream push terminal 11 shown in FIG. 3 according to
one embodiment of the present disclosure is illustrated.
[0061] The collection submodule 1111 is configured to
collect audio data and/or video data.

[0062] In one embodiment, the collection submodule
1111 collects voice data, such as PCM format voice data,
through its voice collection device (e.g., a microphone,
etc.). At the same time, the collection submodule 1111
collects video data in a format like YUV or voice data in
aformat like PCM in a callback manner through its video
capture device (e.g., a camera, etc.) or an interface of
the system.

[0063] Inone embodiment, specific collection process
may be, for example, as follows:

(1) For video: collect video data through its video
capture device (e.g., camera, etc.), and set up the
frame rate, the width and height, etc. For examples,
the frame rate is 25 frames/sec, the height and
weightare 720*1080, and the system callbacks YUV
data every 1000 ms/25 = 40 ms.

(2) For audio: collect voice data through its voice
collection device (e.g., a microphone, etc.), and set
up the sampling rate, the number of channels, the
number of bits, etc. For example, the sampling rate
is 44,100, the number of channels is 2, and the
number of bits is 16. That is, 44,100 samples are
collected per second, and each sample has 2 chan-
nels, each with 16 bits.

[0064] The encoding submodule 1112 is configured to
audio-encode and/or video-encode the collected audio
data and/or video data, respectively. For example, the
YUV and PCM data are respectively encoded into H.264
and AAC data using encoding tools such as FFMPEG,
X264, FAAC, and hardcoding.

[0065] In one embodiment, an H.264 video encoding
method is used to encode the collected video data into
H.264 format video data, and an AAC method is used to
encode the collected audio data into AAC format audio
data.

[0066] In one embodiment, specific encoding process
may be, for example, as follows:

(1) Video encoding: initialize video encoding param-
eters, including the width and height, the frame rate,
the bit rate, and the bit rate mode, etc., call the en-
coding interface of an encoder, encode the YUV data
called back by the system into H.264 data, and en-
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capsulate the H.264 data into streaming media for-
mat through a streaming protocol submodule. For
example, the width and height are 7201080, the
frame rate is 25, the code rate is 1 Mbps, etc., and
the YUV datais encoded into H.264 data using X264,
FFMPEG, or hardcoding.

(2) Audio coding: initialize audio encoding parame-
ters, including the sampling rate, the number of chan-
nels, and the number of bits, etc., and encode the
PCM data called back by the system into AAC data
through the encoding interface of an AAC encoder.
For example, the sampling rate is 44,100, the
number of channels is 2, the number of bits is 16,
and the PCM data is encoded into AAC data using
encoders such as FAAC, and hardcoding.

(3) Sequentially place the audio/video data into the
streaming protocol submodule based on the se-
quence of collection, and convert the audio/video da-
ta into streaming media format data.

[0067] The streaming protocol submodule 1113 is con-
figured to encapsulate the encoded audio data and/or
the encoded video data into streaming media format da-
ta. Based on different streaming protocols, such as the
RTMP streaming protocol, the H.264 and AAC data are
encoded into data conforming to the RTMP protocol.
[0068] In one embodiment, the RTMP protocol is em-
ployed to encapsulate the encoded audio data and/or the
encoded video data into RTMP format streaming media
data.

[0069] In one embodiment, specific encapsulation
process may be, for example, as follows:

(1) Establish a connection with a server using the
RTMP protocol, and acquire an address for broad-
casting streams.

(2) Retrieve the H.264 data, the AAC data, etc. that
are generated by the encoders, generate a se-
quence based on the time of collection by the en-
coders, and based on the time in the sequence, en-
capsulate the H.264 data, the AAC data, etc., re-
spectively, according to the RTMP protocol.

(3) Place the encapsulated streaming media format
data into a to-be-transmitted queue. When placing
the encapsulated streaming media format data into
the queue, the encoding information, such as the
width and height of the video, the bit rate, the frame
rate, the audio sampling rate, and the number of
channels, etc., is placed into the queue as well. The
data placed into the queue may wait for data trans-
mission by the transmission module.

[0070] The bandwidth inspection submodule 1114 is
configured to place the encapsulated streaming media
format data into the to-be-transmitted queue, calculate
the present real-time upstream bandwidth by determin-
ing in real-time an amount of streaming media format
data transmitted in a unit of time, and determine the time
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for transmission of the current data based on the present
real-time upstream bandwidth.

[0071] In one embodiment, a temporary storage area
is assigned in the memory of the stream push terminal
11 for temporarily storing the streaming media data. The
streaming media data encapsulated according to the
RTMP protocol is placed into the to-be-transmitted
queue, and the to-be-transmitted queue is stored in the
temporary storage area of the memory.

[0072] In one embodiment, specific calculation proc-
ess may be, for example, as follows:

(1) After retrieving the data from the queue, transmit
a frame and record the time for the transmission and
the size of the transmitted data.

(2) Because adelay is determined based on the real-
time transmission rate and the buffered data in the
to-be-transmitted queue, configuring a unit of time
for counting/calculation becomes necessary, which
is called the unit of time. Based on the configured
unit of time, determine the total data transmitted in
a currently configured unit of time, and the total da-
ta/the total duration = the transmitting rate.

(3) Calculate the amount of buffered remaining data
in the to-be-transmitted queue, and determine the
time for transmission of the current to-be-transmitted
streaming media data based on the calculated up-
stream bandwidth and the data amount of the buff-
ered remaining streaming media data in the to-be-
transmitted queue.

[0073] Inone embodiment, the unit of time can be flex-
ibly configured based on the requirements. For example,
the unit of time is 1 s. Partial data may be retrieved from
the streaming media data in the to-be-transmitted queue
and is placed into the transmission module for transmis-
sion, and the amount of the part of the streaming media
data that is transmitted in a unit of time is determined in
real-time. For example, 8 MB of streaming media data is
transmitted within a unit of time of 1 s, and the calculated
transmission rate for upstreaming data is 8 Mbps, then
the present upstream bandwidth is 1 M.

[0074] Inone embodiment, after partial data has been
transmitted to determine the upstream bandwidth, the
amount of buffered remaining data in the to-be-transmit-
ted queue is calculated. Based on the calculated up-
stream bandwidth and the data amount of the buffered
remaining streaming media data in the to-be-transmitted
queue, the time for transmission of the current to-be-
transmitted streaming media data is then calculated. For
example, the streaming media data in the to-be-trans-
mitted queue has a total size of 12 MB, and the trans-
mission rate of the upstreaming data calculated from the
previously retrieved part of the data (e.g., 8 MB) is 8 Mb-
ps, that is, the upstream bandwidth is 1 M. Then, the
determined amount of the remaining streaming media
data is 4 MB. Therefore, based on the present real-time
upstream bandwidth and the amount of the remaining
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streaming media data, the calculated time for transmis-
sion of the current to-be-transmitted streaming media da-
ta is 500 ms. That is, it is predicted to take 500 ms to
finish transmission of the remaining streaming media da-
ta.

[0075] Referring back to FIG. 3, the evaluation module
112 is configured to evaluate whether the time for trans-
mission of the current data exceeds a predefined value.
[0076] In one embodiment, the predefined value can
be flexibly defined based on the requirements. For ex-
ample, the predefined value is 400 ms.

[0077] The frame dropping module 113 is configured
to employ a frame dropping approach to reduce the
amount of uploading data if the time for transmission of
the current data exceeds the predefined value.

[0078] In one embodiment, specific frame dropping
process may be, for example, as follows:

(1) Based on the total amount of data currently buff-
ered, and the present real-time transmission rate,
calculate: the total amount of data/the real-time
transmission rate = the time for transmission. The
predefined time for transmission is denoted as T1,
and the present time for transmission is denoted as
Tn.

(2) When encoding, initialize a frame rate of k, pre-
define a frame dropping lower limit of k1, and upper
limit of k2 as the current predefined frame rates, and
denote the current actual frame rate as kn. Initialize
kn =k, the current frame rate range lies between k1
and k2, that is, k1<kn<k2. In general, by default, k2
= k. That is, the upper limit of k2 is initialized. The
new frame rate is kn = kn/(Tn/T1), and this frame
rate changes in real time.

(3) If the time for transmission of the current data
exceeds the predefined value, that is, Tn > T1, the
frame dropping approach is employed to reduce the
amount of uploading data. Specific frame dropping
process includes: if kn > k2, then kn = k2; and if kn
< k1, then kn = k1.

(4) If the time for transmission of the current data
does not exceed the predefined value, that is, Tn <
T1, then gradually increase the frame rate until it
recovers to the current maximum frame rate. The
formula for the increasing process is: new kn =
kn/(Tn/T1).

[0079] In one embodiment, for example, the initialized
frame rate is set as 25, the upper limitis 25, and the lower
limit is 10. Assume that the calculated time for transmis-
sion of the current data is 500 ms as stated in the above
example. Since 500 ms is greater than the predefined
value of 400 ms, if all data is uploaded, the influence of
the bandwidth may lead to a poor viewing experience
such as lagging, blurred screen, or increased delay, etc.
in the pushed live streams received in the viewing termi-
nal 13. Therefore, in order to improve the viewing expe-
rience, the frame dropping module is activated, and the
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new frame rate is kn = kn/(Tn/T1). Based on the formula,
the new kn = 25/(500/400). That is, kn = 20 frames/sec,
or 20 frames are generated per second. The amount of
uploading data may be reduced by employing the frame
dropping approach until the time for transmission of the
amount of the buffered remaining data is less than the
predefined value of 400 ms. If the time for transmission
of the current data is calculated as 300 ms in the above
example, the current frame rate is 20, and the new frame
rate is kn = kn/(Tn/T1), based on the formula, the new
kn =20/(300/400). That is, kn = 26 frames/sec. Because
kn > the upper limit k2, kn = k2 = 25 frames/sec.

[0080] The transmission module 114 is configured to
continue transmitting the remaining streaming media for-
mat data sequentially from the to-be-transmitted queue
if the time for transmission of the current data does not
exceed the predefined value and the frame rate reaches
the upper limit.

[0081] Inone embodiment, specific transmission proc-
ess may be, for example, as follows:

(1) The RTMP protocol-based inter-connection with
the server has already been established using the
RTMP streaming protocol. To-be-transmitted
streaming media format data is circularly retrieved
from the to-be-transmitted queue and is transmitted
to the streaming media data.

(2) The server receives the streaming media format
data from the clientterminal, and distributes itto each
client terminal.

[0082] In one embodiment, if the calculated time for
transmission of the current data is 150 ms, which is less
than the predefined value of 400 ms, it means that the
current upstream bandwidth is sufficient. In order to en-
sure the quality of the pushed streams in the stream push
terminal 11, frame dropping is stopped, and the frame
rate is increased. Further, sequential transmission of the
remaining streaming media format data from the to-be-
transmitted queue continues, to ensure the smoothness
of the stream push service and improve the viewing ex-
perience in the viewing terminal.

[0083] The TCP protocol-based network status of
stream push terminal-based optimization system 10 pro-
vided by the present disclosure allows real-time inspec-
tion of the network status in the stream push terminal,
real-time monitoring of the variations of the upstream
bandwidth, control of production from the source, reduc-
tion of production volume, and reduction of the amount
of uploading data. This allows clients to smoothly push
streams under the situation that the upstream bandwidth
of the stream push terminal is not optimal, which greatly
improves the viewing experience of users. When the
bandwidth is detected to gradually get better, frame drop-
ping is stopped, so that the quality of the pushed streams
in the stream push terminal is ensured.

[0084] Embodiments of the above-described mecha-
nisms are described merely for the illustrative purpose.
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The modules that are described as separate parts may
or may not be physically separated, and the parts illus-
trated as modules may or may not be physical modules.
That is, these modules may be located in one location,
or distributed across multiple network entities. Based on
actual needs, some or all of the modules may be selected
to achieve the objectives of the present embodiments,
which those of ordinary skill in the art may understand
and implement without taking creative efforts.

[0085] Through the foregoing description of the em-
bodiments, it is clear to those skilled in the art that each
embodiment can be implemented by means of software
plus a necessary general hardware platform, and cer-
tainly, by means of hardware as well. Based on this un-
derstanding, the technical solutions, or essentially the
parts that contribute to the current technology, can be
embodied in the form of a software product. This com-
puter software product may be stored in a computer-
readable storage medium, such as a ROM/RAM, a mag-
netic disc, an optical disc, etc., and include a variety of
instructions that cause a computing device (which may
be a personal computer, a server, or a network device,
etc.) to implement each embodiment or methods de-
scribed in certain parts of each embodiment.

[0086] Although the present disclosure has been de-
scribed as above with reference to preferred embodi-
ments, these embodiments are not constructed as limit-
ing the present disclosure. Any modifications, equivalent
replacements, and improvements made without depart-
ing from the spirit and principle of the present disclosure
shall fall within the scope of the protection of the present
disclosure.

Claims

1. A network status of stream push terminal-based op-
timization method, the method comprising:

determining, by the stream push terminal, time
for transmission of current data based on a
present real-time upstream bandwidth;
evaluating, by the stream push terminal, wheth-
er the time for transmission of the current data
exceeds a predefined value; and

if the time for transmission of the current data
exceeds the predefined value, employing a
frame dropping approach to reduce an amount
of uploading data.

2. The network status of stream push terminal-based
optimization method according to claim 1, wherein
determining, by the stream push terminal, the time
for transmission of the current data based on the
present real-time upstream bandwidth includes:

collecting, by the stream push terminal, audio
data and/or video data;

10

15

20

25

30

35

40

45

50

10

audio-encoding and/or video-encoding, by the
stream push terminal, the collected audio data
and/or video data, respectively;

encapsulating, by the stream push terminal, the
encoded audio data and/or the encoded video
data into streaming media format data;
placing, by the stream push terminal, the encap-
sulated streaming media format data into a to-
be-transmitted queue;

retrieving, by the stream push terminal, the
streaming media format data from the to-be-
transmitted queue, and transmitting, by the
stream push terminal, the streaming media for-
mat data to a relay terminal;

calculating, by the stream push terminal, the
present real-time upstream bandwidth by deter-
mining in real-time an amount of streaming me-
dia format data transmitted in a unit of time; and
determining, by the stream push terminal, the
time for transmission of the current data based
on the present real-time upstream bandwidth.

3. The network status of stream push terminal-based
optimization method according to claim 2, further
comprising:
if the time for transmission of the current data does
not exceed the predefined value, continuing trans-
mitting, by the stream push terminal, remaining
streaming media format data sequentially from the
to-be-transmitted queue.

4. A network status of stream push terminal-based op-
timization system, the system comprising a stream
push terminal, a viewing terminal, and a relay termi-
nal, the stream push terminal pushing collected
streaming media format data, through the relay ter-
minal, to the viewing terminal for viewing, wherein
the stream push terminal specifically includes:

a determination module that is configured to de-
termine time for transmission of current data
based on a present real-time upstream band-
width;

an evaluation module that is configured to eval-
uate whether the time for transmission of the
current data exceeds a predefined value; and
a frame dropping module that is configured to
employ a frame dropping approach to reduce an
amount of uploading data if the time for trans-
mission of the current data exceeds the prede-
fined value.

5. The network status of stream push terminal-based
optimization system according to claim 4, wherein
the determination module specifically includes:

a collection submodule that is configured to col-
lect audio data and/or video data;
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an encoding submodule that is configured to au-
dio-encode and/or video-encode the collected
audio data and/or video data, respectively;

a streaming protocol submodule that is config-
ured to encapsulate the encoded audio data
and/or the encoded video data into streaming
media format data; and

a bandwidth inspection submodule that is con-
figured to place the encapsulated streaming me-
dia format data into a to-be-transmitted queue,
retrieve the streaming media format data from
the to-be-transmitted queue and transmit the
streaming media format data to the relay termi-
nal, calculate the present real-time upstream
bandwidth by determining in real-time an
amount of streaming media format data trans-
mitted in a unit of time, and determine the time
for transmission of the current data based on
the present real-time upstream bandwidth.

The network status of stream push terminal-based
optimization system according to claim 5, wherein
the stream push terminal further specifically in-
cludes:

atransmission module that is configured to continue
transmitting remaining streaming media format data
sequentially from the to-be-transmitted queue if the
time for transmission of the current data does not
exceed the predefined value.

A stream push terminal comprising:

a determination module that is configured to de-
termine time for transmission of current data
based on a present real-time upstream band-
width;

an evaluation module that is configured to eval-
uate whether the time for transmission of the
current data exceeds a predefined value; and
a frame dropping module that is configured to
employ a frame dropping approach to reduce an
amount of uploading data if the time for trans-
mission of the current data exceeds the prede-
fined value.

8. The stream push terminal according to claim 7,

wherein the determination module specifically in-
cludes:

a collection submodule that is configured to col-
lect audio data and/or video data;

an encoding submodule that is configured to au-
dio-encode and/or video-encode the collected
audio data and/or video data, respectively;

a streaming protocol submodule that is config-
ured to encapsulate the encoded audio data
and/or the encoded video data into streaming
media format data; and
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1"

10.

a bandwidth inspection submodule that is con-
figured to place the encapsulated streaming me-
dia format data into a to-be-transmitted queue,
retrieve the streaming media format data from
the to-be-transmitted queue and transmit the
streaming media format data to a relay terminal,
and calculate the present real-time upstream
bandwidth by determining in real-time an
amount of streaming media format data trans-
mitted in a unit of time.

The stream push terminal according to claim 8,
wherein the bandwidth inspection submodule is fur-
ther configured to determine the time for transmis-
sion of the current data based on the present real-
time upstream bandwidth.

The stream push terminal according to claim 9,
wherein the stream push terminal further specifically
includes:

a transmission module that is configured to continue
transmitting remaining streaming media format data
sequentially from the to-be-transmitted queue if the
time for transmission of the current data does not
exceed the predefined value.
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